Waste Load Allocation for the Virgin River Basin as of October, 1973 by unknown
Utah State University 
DigitalCommons@USU 
Reports Utah Water Research Laboratory 
January 1974 
Waste Load Allocation for the Virgin River Basin as of October, 
1973 
Follow this and additional works at: https://digitalcommons.usu.edu/water_rep 
 Part of the Civil and Environmental Engineering Commons, and the Water Resource Management 
Commons 
Recommended Citation 
"Waste Load Allocation for the Virgin River Basin as of October, 1973" (1974). Reports. Paper 255. 
https://digitalcommons.usu.edu/water_rep/255 
This Report is brought to you for free and open access by 
the Utah Water Research Laboratory at 
DigitalCommons@USU. It has been accepted for 
inclusion in Reports by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
VOLUME I 
WASTE LOAD ALLOCATION FOR THE 
VIRGIN RIVER BASIN 
AS OF OCTOBER, 1973 
I of IV Volumes 
Performed for the 
State of Utah 
Bureau of Environmental Health 
Calvin Sudweeks, Project Officer 
Utah Water Research Laboratory 
Utah State Uni ver sity 
Logan, Utah 84322 
March, 1974 
V. 
L. 
D. 
P. 
A. 
D. 
M. 
P. 
D. 
D. 
C. 
W. 
VOLUME I 
WASTE LOAD ALLOCATION FOR THE 
VIRGIN RIVER BASIN 
AS OF OCTOBER, t973 
I of IV Volumes 
Contributing Personnel Listed Alphabetlcally 
D. Adams 
Bagley 
Barker 
Barr 
B. Bishop 
Bowles 
D. Chambers 
A. Cowen 
Falkenborg 
Filip 
Galloway 
G. Grenney 
B. Hansen S. 
W. Holmes E. 
A. L. Huber R. 
T. Hughes C. 
C. E. Israelsen G. 
E. K. Israelsen D. 
N. B. Jones J. 
S. Johnson B. 
S. W. Khan D. 
W. Knight B. 
M. Leatham E. 
B. LeBaron M. 
M. Matthews 
Performed for the 
State of Utah 
Bureau of Environmental Health 
Calvin Sudweeks, Project Officer 
Utah Water Research Laboratory 
Utah State University 
Logan, Utah 843 ZZ 
March 1974 
Maughan 
J. Middlebrooks 
Mize 
Phillips 
Pidge 
B. Porcella 
P. Riley 
C. Self 
L. Sorensen 
South 
Tanner 
Vogelsberg 
Volume I 
TABLE OF CONTENTS 
WASTE LOAD ALLOCATION FOR THE VIRGIN RIVER 
BASIN 
Introduction 
Analytical Results of Management Studies 
Volume II MODEL USED FOR RIVER WATER QUALITY 
MANAGEMENT IN A WASTE LOAD ALLOCATION 
STUDY OF THE VIRGIN RIVER BASIN 
Section I: Model Description--Concepts, Functions, Input 
Mode 
Section II: Calibration and Management Data 
Volume III WASTE LOAD ALLOCATION-SUPPORTING DATA 
FOR THE VIRGIN RIVER BASIN 
Section I: Station Description -Virgin River system 
Section II: October Analytical Re sults - -Tables 
Section III: October Analytical Results Varying with River 
Mile - - Figure s 
Section IV: Index of STORET Data 
Volume IV STORET DATA APPENDIX FOR THE VIRGIN RIVER 
BASIN 
Section I: Station List on STORET 
Section II: Data Summaries for STORET 
Section III: Raw Data on STORET 
Introduction 
Results provided 
This report on waste load allocation in the Vir gin River Basin is 
provided in four volumes: Volume I is actual waste load allocation 
as determined by studying various treatment alternatives according to 
a water quality model calibrated according to data collected in October, 
1973; Volume II is the description of the model; Volume III contains the 
station descriptions and tabulated data for October, 1973 with plots of 
all that data; it also has an index of all available data (in STORET); 
and Volume IV contains a station description and complete compilation 
of the summarized and individual data contained in STORET. A 
companion report to the State of Utah deals with the program design 
for the river basin. 
Method of analysis 
A water quality computer model (see Volume II) was utilized to 
determine the effects of various point source effluent controls on the 
VIrgin River water quality. Tlms specific effluent standards were applied to 
waste effluents and river quality was observed. Information on 
river flows, gradient, lateral inflows, and point source loadings were 
either amassed from data sources or from model runs to 
calibrate coefficients for the functional relationships. Then model runs 
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were performed to produce data output which could be compared to 
actual sample analyses. Further adjustment of coefficients was made 
as appropriate to obtain reasonable agreement between observed and 
calculated data points. All observed data for river samples and 
effluent discharges were based on the October, 1973, sampling run 
(Volume III). No historical data were used (Volume IV). 
The calibrated model was then utilized for management alternatives. 
Different treatment levels were utilized to produce effluents having 
different pollutant levels (Table 1) and then the effects of these effluents 
on water quality of the river according to the model were assessed. 
In cases where effluents were already below expected effluent values 
for a particular treatment and for a particular pollutant, the existing 
values were used. Although nine parameters were observed in the 
model (salinity, magnesium, suspended solids, phosphorus, coliforms, 
ammonium, nitrate, carbonaceous BOD (CBOD), and dissolved oxygen 
(DO»), only dissolved oxygen and four pollution parameters will be 
dis cus sed in the context of this report: Suspended solids, coliforms, 
CBOD 1 and nitrogenous BOD (NH 4 -N). Note that in Table 1 effluent 
values for these pollution parameters were utilized based on good 
operation for typical wastewater treatment plants. Without trained 
operators and monitoring and enforcement of effluent standards 1 the 
desired stream quality cannot be achieved. Only two particular waste-
water treatment plants dischar ge into the Virgin River system. Thus the 
Table 1. Selected m.anagem.ent options for particular effluent concentrations from. the St. George WWTP, 
Virgin River Basin. 
Mean Effluent Levels 
Point Source 
of Interest 
Treatm.ent 
a Level 
Suspended 
Solids 
Coliform.s CBOD Am.m.onium.-N 
m.g/l MPN/100m.l m.g/l m.g/l 
St. George 
WWTP Advanced Secondary 
T 
20 
20 
230 9.4 3.580 
230 9.4 1. 480 
15 2 9.4 1.480 
plus carbon 10 2 5 1.480 
a Secondary s activated sludge or trickling filter, and clarifier operation, chlorination. 
includes activated sludge or filter, nitrification, clarifier operation, 
Tertiary s s or filter, filtration, chlorination. 
--""-___ L-'"-----""-_--""---""-_ includes activated sludge or trickling filter, carbon 
absorption, and chlorination. 
Note: Can substitute three sewage lagoons with interm.ittent slow s filtration for activated 
sludge or filter with clarifiers. 
!..J,.) 
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Salina WWTP was selected from. the m.any possi bie m.unicipal and 
industrial waste dischargers in the Virgin River Basin, Utah (see Tables 
2 and 3). 
Problem.s in interpreting the data 
(see Volum.e II for m.ore detail) 
Because the results are bas 
to a sam.pling run and 
on calibration of the m.odel according 
assum.ptions about the validity of 
functional relationships involving pollution param.eters and water quality 
have been m.ade, the reader is cautioned to utilize these results with 
forbearance. Further data collection is necessary and the m.odel m.ust 
be further refined before hard and fast conclusions can be drawn. 
However, this analysis allows a 'Ifirst cut" interpretation of what is 
necessary to achieve the desired quality in the Virgin River. 
In addition the m.odel is calibrated for October. The annual low 
flow period of October is a reasonable basis for quality estim.ations 
but the worst quality condition in the basin probably occurs in August 
or Septem.ber. The m.anagem.ent is based on critical flows for the 
river system.s. The worst possible conditions are for 
discharge of effluents. Note that dissolved oxygen is less soluble at 
high tem.peratures; along with low flow conditions, August tem.peratures 
were also used. Thus the worst overall conditions were utilized for 
m.anagem.ent runs. 
Table 2. Status of public water and sewerage systems in the Virgin River Basin, January 1, 1974. 
Community 
Kanarraville 
Alton 
Glendale 
Mt. Carmel 
Orderville 
Bloomington 
Central 
Gunlock 
Hildale 
Hurricane 
Ivins 
La Verkin 
Leeds 
Middleton 
New Harmony 
Pintura 
Rockville 
Santa Clara 
Springdale 
St. George 
Toquerville 
Virgin 
Veyo 
Washington 
County 
Iron 
Kane 
Kane 
Kane 
Kane 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Washington 
Population 
(es timated) 
230 
80 
215 
100 
420 
500 
40 
35 
295 
1,500 
94 
500 
180 
40 
90 
20 
10 
300 
250 
7,500 
200 
30 
100 
800 
Public 
Water 
System 
Yes 
Private 
Yes 
Private 
Yes 
Private 
Yes 
Private 
Private 
Yes 
Yes 
Yes 
Private 
Private 
Yes 
Private 
Private 
Yes 
Private 
Yes 
Yes 
Yes 
Private 
Yes 
Status of 
Water 
Systema 
NA 
NA 
CP 
NA 
CP 
PA 
NA 
CP 
NA 
CP 
CP 
PA 
A 
NA 
NA 
NA 
PA 
NA 
CP 
A 
NA 
NA 
CP 
CP 
Sewage 
Collection 
No 
No 
No 
No 
No 
Partial 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
Yes 
Sewage 
Treatment 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septi c tanks 
Septic tanks 
& lagoons 
Septic tanks 
Septic tanl<s 
Septic tanks 
Lagoon 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Septic tanks 
Trickling filter 
Septic tanks 
Septic tanks 
Septic tanks 
Lagoon 
Receiving 
Stream 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
& evaporation 
Subsurface 
Subsurface 
Subsurface 
Non-overflow 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Subsurface 
Virgin River 
Subsurface 
Subsurface 
Subsurface 
Virgin River 
NPDES Permit Status 
(where applicable) 
Permit No. 
UT002166 
UT 0021776 
UT 0020 184 
Expiration 
Date 
7-1-78 
Not issued 
Not issuecl 
aClassified by Utah State Division of Health: A is approved, PA is provisionally approved, NA is not approved, CP is submitted -not acted upon. 
en 
Table 3. Status of industrial wastewater discharges in the Virgin River Basin, 1973. 
Industry Location Type of EXisting Industry Treatment 
Boots Cox Dairy St. George Milk processing None 
Dixie Basin Smelter s Hurricane Copper milling Lagoon 
Langston Packing Co. Hurricane Meat packing Septic tank 
Lewis Meat Packing St. George Meat packing Septic tank 
Federal 
Zion National Park Washington National Park Trickling fi Iter 
County 
Receiving 
Stream 
Land di sposal 
Non-overflow 
Subsurface 
Subsurface 
Virgin River 
NPDES Permit Status 
(where applicable) 
Permit No. 
UT 0021989 
Expiration 
Date 
Not issued 
'" 
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The Virgin River is heavily laden with sediments and salts from 
natural sources. Point source control at the present time will probably 
not have a great effect on river water quality. 
Analytical Results of Management Studies 
Calibration conditions 
A model run was made for the Virgin River with the appropriate 
junctions, loadings, lateral flows, and sampling points shown in 1. 
The initial model runs were made with the October, 1973 data to cali-
brate the model. Then the management programs as described in Table 1 
would produce the quality variations in the river basin as shown in 
and 2 (Appendix 1) for DO, CBOD, and coliforms. The conclusions of 
these river management studies are summarized in Table 4. Specific 
stream standards applicable to the Virgin River Basin are shown in 
Appendix 2. 
Proposed wasteload allocation 
With the cautionary statements noted previously in this report 
s 1 
(see especially Volume II), a secondary treatment level for the St. George 
WWTP is more than adequate. Better quality in the stream does not 
seem possible unless some radical controls are instituted, for example 
the U. S. Bureau of Reclamation proposal for sediment removal and 
mineral springs diversion. Increased population in the area may require 
reappraisal of this aspect. 
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Figure 1. The Virgin River system showing sampling points, gaging 
stations, and tributaries along with associated river miles 
from confluence with the Colorado River (Lake Mead). 
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Table 4. Does and can the Virgin River meet stream quality standards 
(listed in Appendix 2) by controlling waste effluents? 
Actual & Is Water Quality Standard 
a Minimum Met For ') Reach 
Treatment 
Conditions DO CBOD Coliforms 
Downstream Exi Yes Yes Yes 
of St. George 
WWTP Secondary Yes Yes Yes 
a Only one waste is discharged directly into the Virgin River. 
b October 1973 data. 
Reference 
Utah Water Research Laboratory. 1974. Program design for manage-
ment planning the Virgin River Basin. Utah Water Research 
Laboratory, Utah State Uni ver sity, Logan, Utah. Report to 
State of Utah, Bureau of Environmental Health. 
Appendix 1 
This appendix contains the calibration (standardizing) runs 
(October, 1973) and management runs for the model (USRM). These 
are shown in Figures 1 and 2. 
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Note that the downstream direction is frorn right to left~ Manage-
ment runs are described in Table 1 of the report text. 
r-- . .....; 
, 
,-_ ... 
I 
, 1.CJ(/ 
Figure 1. Concentration of dissolved oxygen, BOD, and total coliforms in the North Fork 
of the Virgin River during critical flow conditions. 
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Figure 2. Concentrations of dissolved oxygen, BOD, and total coliforms in the Virgin River under 
critical flow conditions showing effects of various treatments of st. George WWTP 
effluent. 
12 
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AppeJ:ldix 2 
Virgin River water quality standards 
The Utah State Division of Health has described standards (dated 
August 2, 1971) which have been applied to the Virgin River system 
(June 23, 1972) and which have been accepted by the Environmental 
Protection Agency. These standards are defined as the class "C" 
Water Quality Requirements. The standards state; 
''It shall be unlawful to discharge wastes resulting in: 
Objectionable deposits 
Floating debris, oil, scum, and other matters 
Objectionable color, odor, taste, turbidity 
Interference with class "C" water uses 
Uses of class "CI' waters: 
Municipal 
(following complete treatment) 
Aesthetics 
Irrigation 
Stock watering 
Fish propagation 
Wildlife 
Recreation 
(exc ept swimming) 
Industrial supplies 
Other (as determined by 
the Utah State Board 
of Health and Utah Water 
Pollution Committee) 
The standards listed in Table 1 shall not be violated." In addition 
specific reaches of the Virgin River system have been further classified 
for thermal discharge to prevent undue heating of the water and the 
resultant significant effects on fish and other aquatic life. Also, these 
requirements further limit the minimum level of dissolved oxygen (DO) 
in the stream. The reader should be aware that the amount of oxygen 
Table 1. Utah class tlCtI stream standards for specific constituents 
and pollutants. 
Limit 
Item 
Recommended 
mgll 
TDS 500 
As 0.01 
Ba 
CCE 0.2 
Cd 
Cl 250 
Cr 
Cu 1.0 
CN 0.01 
F 1.0 
Fe 0.3 
Ph 
Mn 0.05 
N0 3 45 
Phenol 0.001 
Se 
Ag 
S04 250 
MBAS 0.5 
Zn 5. a 
MPN Coliforms 5000 1100 upper limit (average) 
BODS 5 mgll upper limit 
Mandatory 
mgll 
0.05 
1.0 
0.01 
0.05 
0.02 
2.0a 
0.05 
0.01 
0.05 
DO 5.5 mg II lower limit 
Radionuclide s not to exceed 1/30 of the MPCw
b 
values as 
defined in National Bureau of Standards Handbook 69 
aDependent on climate. 
bMaximum Permis sible Concentration in water. 
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capable of being held by water decreases as the temperature of the 
,water increases. These modifications are noted by the appending of 
IIClf for cold and I'W-11 for warm waters as follows: 
Class "cc" _ZoF incremental increase and not above 68 oF; 
DO is 6 mg/l minimum. 
Class I'C\V"_ -4 of incremental increase and not above 80 0 F; 
DO is 6 mg /l minimum. 
As shown in the schematic drawing of the Virgin River in Figure 1, 
reaches of the river have been defined to meet one or the other of these 
two clas sifications. Those reaches not so classified are in the 
general classification of "C" which has no temperature requirement 
and a lower dis solved oxygen minimum of 5. 5 Dlg/1. The downstream 
reaches are CW reflecting the greater warming of the water. 
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